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INTRODUCTION
Acoustic communication has been found to play an important role in the social life of many animals. Communicative behaviour occurs in any form of social interaction and implies an exchange of information between at least two individuals: a signaler and a receiver. The acquisition and the use of information helps animals to anticipate and respond appropriately to events, and therefore to increase their survival (Owings et al. 1997 ).
According to De Lucia et al. (2010) vocalizations are essential in communication and social interactions, conveying the speaker's identity, gender, intentions, and emotional state. Dawkins (2004) suggested that vocalizations may perhaps be a rather special case of an indicator of what an animal wants because they are signals, that is, behaviours that have specially evolved to alter the behaviour of another animal, and which can therefore be "listened in on" by humans. In communication, information is made available by signals that vary in relation to the type of information delivered and to the surrounding environment (Vannoni et al. 2005) .
The passing of more restrictive animal welfare laws has caused the detection of stress, especially in domesticated animals, to become an important issue. One suggested method of detecting stress has been through monitoring the vocalizations of the animals (Clemins et al. 2005) . In sheep and goat, isolation stress resulted in increased vocalization and in variable and statistically nonsignificant increases in heart, pulse and respiratory rates. Isolation caused significant increases in the plasma concentrations of cortisol and glucose and a decrease in that of magnesium (Al-Qarawi and Ali 2005) and strees can affect livestock production. The vocalizations produced by an animal species can be categorized from both structural and functional standpoints, and the relationship between the two may take many forms as is believed by Soltis et al. (2005) .
It is possible to assess welfare using some animal signals shown when they need certain resources. Weary and Fraser (1995) have reported that vocal and other natural signals provide reliable indicators of the signaller's needs. Acoustic signals can vary in their duration, pitch (vibration frequency), or amplitude. These features can be described and studied with the aid of spectrograms which give a visual representation of a sound (Hauser 1996) . Briefer (2012) believes that regardless of how the communication occurs, it is important to understand how animals can benefit from producing signals, and how others can benefit from responding. Bioacoustics is the study of sound in animals and includes, but is not limited to, animal communication with associated behaviour (Bradbury and Vehrencamp 1998) , sound production anatomy and neurophysiology, auditory capacities and auditory mechanisms, and animal welfare (Manteuffel et al. 2004 ). The main goal of this field of study is to determine the role of animal vocalizations in the communication process. Knowledge of the value of vocal parameters may be of great importance within the field of animal production (Brudzynski 2010) Animal acoustic behaviour can be termed as being rather complex due to its variability. Mammalian vocalization consists of a varied number of different call types and contexts in which these calls typically occur (Fitch et al. 2002) . It is therefore of great importance to gain understanding in the process of vocal production. Taylor and Reby (2010) reported that physiological fluctuations in emotional or motivational state influence the acoustic characteristics of signals in a reliable and predictable manner. With only a mere few exceptions, mammal vocalizations are believed to be genetically determined with only limited flexibility (Seyfarth and Cheney, 2010) . A careful description of the behaviour patterns or a sequence of behaviours of animals offers the possibility to identify all of the relevant components and to link their performance to the wider context of their physical and biological environment (Scott 2005) .
Sheep are very gregarious animals and the isolation of an individual from its conspecifics leads to the manifestation of well defined distress behaviours (Poindron et al. 1997 ). According to Vannoni et al. (2005) distress calls are emitted by animals of this species during times of acute distress. The call is usually long, uncontrolled, very loud and given with the mouth open. According to the authors, distress calls are probably directed non-specifically and induce strong reactions in all conspecifics that become instantaneously and acutely alerted when they hear these sounds. Research of an acoustic features of stressinduced vocalizations cause of social isolation in a local Garut sheep and crossbred sheep was reported yet.
The purpose of this study was to analyze the acoustic features of stress-induced vocalizations of adult rams at different levels of social isolation to discover which acoustic measures may serve as an indicator of the animals' motivational state and distress level. The recorded data were also used to examine the difference between the characteristics of vocalizations based on breed. This was done to investigate the possibility that breeds of sheep may differ in their vocal response to stressful situations. Additionally, other behavioural data were recorded that might help define the animals' stress response.
MATERIAL AND METHODS

Study site and animals
The study was conducted at the Sheep Research Facility of the Indonesian Research Institute for Animal Production situated in Bogor. During the course of the study twelve randomly selected, clinically healthy, 2-3 year old adult rams were used. The animals were of three breeds, namely Barbados Blackbelly Cross (BC) (50% Local Sumatera, 50% Barbados Blackbelly), Local Garut (LG) and Composite Garut (KG) (50% Local Garut, 25% St. Croix, 25% Moulton Charollais).
Isolation procedure
Four animals from each breed were subjected to three individual tests for a maximum of 15 min. Each ram was subjected to isolation once per day on three consecutive days. Two persons drove each animal from the group pens to the testing room, which consisted of a 2.90 x 2.75 m enclosure with plain walls. The tests were as follows:
Test 1. Subject with human observer
This procedure consisted of catching the animal in its home pen and transporting it to the observation area where it was locked inside the enclosure together with the observer. During this procedure the animal had no visual or tactile contact with conspecifics. Olfactory and acoustic contact with conspecifics were, however, still possible.
Test 2. Subject completely alone
During this procedure the focal animal was transported to the observation area, where it was kept completely alone without visual or tactile contact with conspecifics. There was, however, still a possibility for olfactory and acoustic contact. During this procedure the animal's behaviour was observed through a small window while the observer remained hidden from the focal animal.
Test 3. Partial isolation
For this procedure group pens with a measurement of 5 x 2.6 m and slatted flooring were used. The focal animal was moved from its home pen and entered into an adjacent pen where it was held completely alone. This experiment allowed the isolated animal to maintain visual, acoustic and olfactory contact with conspecifics. Table 1 gives an overview of the experimental design which was used in this study.
Recorded behaviour
During the isolation procedures the frequency of specific state -and point event behaviours was recorded following the method used by Siebert et al. (2011) . The occurrence of each of these behaviours was recorded during 5 min per observation period for each focal animal. The ethogram consisted of the following behaviours: 1. Locomotion: the number of single steps made by the animal both forward and backward. 2. Standing: animal stands in one place for longer than 15 seconds. 3. Lying: the animal's abdomen contacts the floor of the experimental area. 4. Rearing: the animal raises both its forelegs to the wall or bars of the pen and stands on its hind legs. 5. Jumping: all of the animal's four legs are simultaneously raised of the floor. 6. Vocalizations: number of bleats uttered by the focal animal.
Vocal data collection and analysis
Sheep vocalizations were recorded using a handheld Digital Voice Recorder (CENIX Type W900). During recording, the voice recorder was mounted on a rod and maintained around two to three meters from the vocalizing animal. Sound files were saved in mp3 format after which they were transferred to a computer for subsequent treatment. From each ram three bleats with the highest quality were selected. To increase the quality of the vocal samples each was filtered using the software program Wavepad Sound Editor 5.10 to remove both noise and hiss sounds. To identify possible differences between the bleats uttered by the rams during the various isolation procedures, a total of 36 time, frequency, amplitude and power acoustic parameters were measured using the software program Raven Pro Ver. 1.4 created by the Cornell Lab of Ornithology, USA. Measurements were taken from the entire element at the same scale on the screen and with standard spectral settings. Bleats were digitized and archived at a sampling rate of 32 kHz and 16-bit accuracy in WAV format. Table 2 shows a complete list of the 36 acoustic measures taken on each call as defined by Charif et al. (2008) . 
Statistical analysis
The overall results for breeds and isolation level over the three days were descriptively analyzed using the program package SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA). An average value for each acoustic trait for each individual was included in the statistical analysis. The data were tested for homoscedasticity and normality before using parametric tests. Two-way analysis of variance (ANOVA) was used for the assessment of effects due to isolation level and breed on ram vocalization. In all cases, a P < 0.05 was considered statistically significant. Duncan test was applied for post hoc comparison. Statistical tests were performed using the statistical package SAS for Windows, release 9.2 (SAS Institute, Inc., 2009). A General Linear Mixed model (GLM) analysis was used to investigate the effect of breed and level of isolation on the measured acoustic parameters. This was done using the following basic model:
Y ijk = µ + B i + I j + (BI) ij + ε ijk 1. Y ijk is the observation of the i-th breed of the j-th degree of social isolation, and the k-the replication 2. µ is the population mean 3. B i is the effect of the i-th breed (i = 1, 2, 3) 4. I j is an effect of the j-th degree of social isolation (j = 1, 2, 3) 5. BI ij is an interaction between the effect of the i-th breed and the effect of the j-th degree of isolation 6. ε ijk is a random error due to the effect of the i-th breed, the j-th degree of social isolation, and the k-th is a replication
RESULTS AND DISCUSSION
Behavioural parameters Sharp et al. (2002) reported that social isolation represents a stressful challenge to gregarious species, which is thought to negatively affect their welfare. Enhanced general activity and an increased level of vocalization are the initial responses that have been described for a number of farm animal species in social isolation, including cattle (Boissy and Le Neindre 1997), sheep and goats (Baldock and Sibly 1990) , pigs (Schrader and Ladewig 1999; Weary and Fraser 1995) and chicks (Marx et al. 2001) . The frequencies of the behaviours observed at the different levels of social isolation are represented in Table 3 . Values are means ± S.D.
Locomotor activity and vocalization were observed at higher frequencies in reacting animals during partial isolation compared to complete isolation. These results are in line with those found by Siebert et al. (2011) for dwarf goats. In their study it was found that different degrees of isolation were clearly related to different behavioural and vocal responses, with higher rates of locomotion and high bleats compared to the completely isolated animals. Their results also showed higher rates of rearing and jumping for partially isolated animals compared to the animals which were completely isolated. The results of this study only partly support those findings. The mean values for lying were all found to be equal to zero, meaning that the animals did not show this behaviour at all during the observation periods. Partially isolated rams were, however, found to display rearing behaviour at a higher frequency as compared to when the animals were completely isolated. Baldock and Sibly (1990) and Carbonaro et al. (1992) also reported that social isolation induces a strong behavioural response in the form of enhanced locomotion and increased vocalization in both sheep and goats.
According to Herskin and Jensen (2000) the impact of social isolation on behaviour is affected by the level of contact (olfactory, visual, acoustic, social) that the isolated animals are allowed to maintain with their conspecifics. Based on their findings Siebert et al. (2011) have suggested that in partial isolation the permanent sensory feedback from conspecifics located in adjacent pens, may facilitate an active response pattern, increase behavioural arousal and support socially motivated efforts to restore social contact in partially isolated animals. Degree of isolation affected whether the animals displayed more active or inactive behaviours. Rams were observed standing more frequently when completely isolated compared to when partially isolated. This response could possibly be explained by the fact that the animals were more motivated to attempt to reunite with conspecifics when these were in sight, thus causing them to move around more in an attempt to escape.
Vocalization and call measures
Comparative studies on the vocalization of humans and animals have shown that structural and temporal variations in communication sounds serve several functions, such as to reliably transmit the affective state and individuality of the sender (Schehka et al. 2007 ).
Results of the vocal analysis are shown in Table 4 and Table 5 . Representative records of the acoustic parameters of bleats at different levels of social isolation are given in Table 4 while the results from the vocal analysis of bleats from different breeds of sheep are shown in Table 5 . Included in these two tables are only those measurements which showed significant differences between the different groups. There was substantial variation in the acoustic measures of high pitched bleats from partially and completely isolated rams. Brudzynski (2010) believes that most mammalian species use both changes of acoustic sound parameters as well as temporal patterning in coding their signals. The results from the vocal analysis showed significant differences in both temporal (Time) and structural (Amplitude, Power) parameters for calls uttered during different levels of social isolation (Table 4 ). Significant differences were found for the values of Max Amplitude (MxAmpl), Peak Amplitude (PAmpl) Root-mean-square Amplitude (RMSAmpl) and Filtered root-mean-square Amplitude (FRSAmpl), with all of these parameters being higher in bleats uttered during complete isolation as compared to bleats from partially isolated animals. Calls with the highest Max Amplitude (MxAmpl) were found for animals which were completely isolated. These results may thus indicate that the intensity of vocalizations (high amplitude) uttered by rams increases with the stressfulness of a specific situation.
Bleats from completely isolated animals all had a higher Power and Energy level which was found to be significantly different (P < 0.05) from the Power and Energy content from bleats uttered during partial isolation. Calls with the highest Peak Time (PTime), were found during complete isolation. Time 5% (Time5) was found to be highest for calls from partially isolated animals. These results thus reveal that more effort was put into calls made during complete isolation as compared to those made during partial isolation. There were no significant differences found for any of the measured parameters for calls from rams which were kept completely alone and the ones which were in the presence of the observer. It showed that presence of observer cannot make the sheep calm or two treatment conditions (completely alone and with observer) are the same for the sheep. Siebert et al. (2011) found that high bleats from goats that were completely isolated had lower 3 rd Quartile and Entropy compared to those in partial isolation. In this study, however, the impact of isolation on 3 rd Quartile and Entropy did not indicate a clear tendency in any direction in either degree of isolation.
All of the calls used for analysis were high-pitched bleats, meaning that they were characterized by high frequencies and made with the mouth open as defined by Siebert et al. (2011) . Weary and Fraser (1995) , based on their study with piglets, reported that high-pitched isolation calls can be considered part of an honest signaling system that reflects the level of need and the state of welfare of the sender. In this study the isolated rams only emitted high-pitched bleats during the observation sessions. This finding corresponds well with the findings of Siebert et al. (2011) who found that socially isolated goats emitted twice the amount of high bleats compared to the amount of low bleats. They mentioned that high pitched bleats could be assumed to be honest but costly signals that communicate the need of isolated animals to restore social relationships. This relates well to the results found during this study, where the high-pitched bleats uttered during complete isolation were found to contain the highest amount of energy. Due to the higher level of energy found in highpitched bleats, these types of vocalizations are generally considered to be costly signals that are related to a high level of excitement and distress (Puppe et al. 2005 ).
Breed differences of acoustic structure of high bleats
Twenty-three of the 36 parameters that were measured from the bleat recordings differed significantly between the three sheep breeds. Of the temporal parameters, Max Time (MxTime), Min Time (MinTime), Center Time (CenterTime), Peak Time (PTime), Time 5% (Time5), Time 95% (Time95), 1 st Quartile Time (Q1Time) and 3 rd Quartile Time (Q3Time) were all found to be lowest for the breed Local Garut (Table 5 ) and to differ significantly from both Barbados Blackbelly Cross and Composite Garut. The duration of calls was not found to differ significantly between breeds nor isolation level.
Of the parameters included in the Amplitude group MxAmpl, PAmpl, RMSAmpl, FRSAmpl were found to be highest for the breed Barbados Blackbelly Cross. The amplitude of an acoustic signal is believed to be a key factor for the exchange of information, determining the broadcast area, or active space, of the signal according to Gil and Gahr (2002) . Average Entropy (AvgEntropy) was highest in bleats from Composite Garut and lowest for the breed Barbados Blackbelly Cross.
All frequency-related parameters (Q1Freq, Q3Freq, BW90, Freq95, IQRBW) were found to be highest for the breed Composite Garut and lowest for the breed Barbados Blackbelly Cross. The values of these parameters were not found to differ significantly for the breed Local Garut compared to those from both Barbados Blackbelly Cross and Composte Garut. The Peak Frequency of the high-pitched bleats did not differ significantly between breeds (P < 0.05), but animals from the breed Composite Garut responded to isolation with bleats with the highest overall frequencies (Table 5) .
Max Power, Peak Power, Average Power and Energy, were all found to be highest in bleats from Barbados Blackbelly Cross rams. These parameters did not differ significantly in the calls from Local Garut and Composite Garut.
Sound production by animals is often based on complex mechanical events, ranging from cavitation induced sounds by shrimps to the energy conversion of flow to vibrating structures in the larynx of mammals (Versluis et al. 2000) .The visual inspection of the spectrograms of which examples are given in Figures 1, 2 and 3, underlines a difference in the energy distribution in bleats uttered during both partial and complete isolation. The spectrograms from bleats made during complete isolation show a higher amount of energy as compared to bleats made during partial isolation. Application of two-way ANOVA confirmed the results obtained from visual inspection of spectrograms. Significant differences were found among the three breeds at the different levels of social isolation in the amount of energy included in the calls (Table 5) . Kendrick (2008) reported that there are significant differences in the fundamental spectrographic patterns between individual animals. Thus animals should be able to be identified based on their high-pitch bleats. According to the author the sound spectrogram of the same sheep producing a high pitch bleat, when it is excited as opposed to stressed or fearful, is also clearly different. When the vocalization is produced in a positive state of excitement it uses a broader frequency range, especially at the higher frequencies and shows distinct regular bands of alternating high and low intensity. When it is produced during stressful circumstances it is thought to exhibit less representation in the higher frequency ranges and almost completely loses the bands of intensity modulation. The results from this study, however, did not show any significant differences in frequency range of bleats at different levels of social isolation nor for the different breeds. Based on the above mentioned statements, however, it can be understood that one call, based on its acoustic content, may indeed be able to communicate different things to other sheep in different circumstances.
The results from Siebert et al. (2011) showed that compared to partially isolated individuals, goats in complete isolation emitted high bleats with more pronounced pureness (lower values of 3 rd Quartile) and diminished randomness (lower values of Entropy). According to them, reduced sound variability might be viewed as a consequence of higher distress that could be related to changes in psycho-physiological mechanisms of sound production in the vocal tract. Similar results were found by Puppe et al. (2005) , who reported that piglets responded with similar changes in these call measures during the surgical period of the painful castration process. In this study, it was found that the calls from Composite Garut rams had the highest level of Entropy indicating that bleats uttered by this breed exhibit an increased level of randomness compared to that of the other two breeds. The results also show the highest Q3 value for bleats from Garut, which indicates that their vocalizations contain less pronounced pureness. Based on the statements by Siebert et al. (2011) , these findings thus suggest that the bleats from these animals reveal a lower level of distress.
CONCLUSIONS
Based on the results obtained in this study it can be concluded that different levels of social isolation induce different behavioural and vocalization responses in rams from different breeds. Amount of noise energy distributed throughout the call was proven to be the most discriminant vocal characteristic based on degree of social isolation and breed. It is believed that these results provide support that specific measures of vocal quality may indeed serve as a valuable tool for evaluating affective-related behaviour and thus also welfare status in adult rams.
For stress reducing and importance of animal welfare, sheep should be housed together with the other sheep or one of alternative if the condition not possible can be housed partially isolation. Stress due to isolation in the long term can affect the production of sheep. Increased production of sheep is a reflection of the attention to animal welfare and reduces of livestock stress.
